To evaluate the use of different lipid sources in diets of growing rabbits, 60 New Zealand White rabbits were evaluated on performance, carcass traits, meat composition, fatty acid profile and oxidative stability of refrigerated and frozen meat. The experiment was distributed in a randomized block design, in five treatments, with six replicates and two animals per experimental unit (one male and one female). The treatments consisted of five isonutritive diets, with 2.5% soybean oil (SD), sunflower oil (SFD), cottonseed oil (CD), beef tallow (BT) and poultry fat (PF). There was no effect (P > 0.05) of dietary lipid sources on animal performance, carcass traits and meat composition (P > 0.05). Dietary inclusion of beef tallow resulted in a lower proportion of polyunsaturated fatty acids in meat compared to vegetable oils. The values of thiobarbituric acid-reactive substances (TBARS) indicated higher oxidation in the frozen meat of the animals fed with sunflower oil, cottonseed oil and bovine tallow in their diets. On conclusion, vegetable oils and animal fats can be included in growing rabbit diets without impair performance and meat quality parameters. Dietary inclusion of soybean oil is more advantageous because it promotes the incorporation of polyunsaturated fatty acids and greater lipid stability of refrigerated and frozen rabbit meat.
Introduction
Considering the nutritional requirements of growing rabbits, the inclusion of lipid sources in diet, besides improving pellet quality, helps to meet the energy demands of the animals, as the adjustment of voluntary feed intake by rabbits is primarily controlled by the energy content of the diet (Gidenne et al., 2017) . As the energy content of lipid sources is almost three times that other feedstuffs commonly used, the inclusion of oils and fats in rabbit diets allows a greater share of ingredients with higher fibre contents to be included, such as by-products from food and feed processing industries (Klinger et al., 2015) .
Factors related to fatty acid profiles, including physicochemical characteristics and interactions, as well as the length and degree of saturation, directly influence the digestibility of lipids and other nutrients by rabbits (Cesari et al., 2009; Casado et al., 2010) . Along with the positive effects observed with the inclusion of lipid sources in growing rabbit diets (Fernández & Fraga, 1996; El-Husseiny et al., 2004) , it has been observed that the incorporation of dietary fatty acids directly into adipose and intramuscular tissue is an important factor for human nutrition, through the strategic inclusion of vegetable oils (Dalle Zotte, 2002; Souza et al., 2009) . On turn, the use of animal fat in rabbit diets could also be feasible due to the lower cost, although the higher presence of saturated fatty acids as well as the thermal oxidation in the processing of these lipid sources may negatively affect nutrient digestibility (Casado et al., 2010) and consequently animal performance.
On this sense, besides the modulation of intramuscular fatty acid profile as well as the increase of n-3 essential fatty acids from the inclusion of oils and fats in diet (Petracci et al., 2009) , there is still a concern about the effects of increased polyunsaturated fatty acids through dietary inclusion of oils on susceptibility to peroxidation through rapid development of oxidative rancidity in meat (Tres et al., 2008) , and also reducing shelf-life.
Therefore, the aim of the present study was to evaluate the dietary inclusion of vegetable oils (soybean oil, sunflower oil and cottonseed oil) and animal fats (beef tallow and poultry fat) on performance, carcass traits, meat composition, fatty acid profile and oxidative stability of refrigerated and frozen meat of rabbits. Sixty New Zealand White rabbits (30 males and 30 females), weaned at 30 days of age, with an initial average weight of 632.85 ± 0.73 g were used in the study. The animals were distributed according to a randomized block design including five treatments, with six replicates and two animals per experimental unit (one male and one female). The animals were housed in metal cages in a brick barn. The mean temperature and relative humidity recorded inside the barn were 23.4 ± 2 °C and 88.0 ± 8%, respectively. The treatments consisted of five isonutritives diets formulated with the inclusion of one of the following lipid sources at 2.5%: soybean oil (SD), sunflower oil (SFD), cottonseed oil (CD), beef tallow (BT), and poultry fat (PF). The diets were formulated to meet the nutritional requirements of growing rabbits according to Lebas (1999) and were provided in a dry pelleted form (Table 1) . The animals had unlimited access to water and feed throughout the experimental period.
Performance
The animals, the feed, and the leftovers were weighed weekly to calculate the average daily gain, average daily feed intake, and feed conversion. At 80 days of age, the animals were fasted for 12 hours prior to slaughter and evisceration. The stunning application was performed by electrical method (140 mA) for subsequent bleeding and evisceration. The carcasses were evaluated to determine the hot carcass yield, cold carcass yield, and yield of commercial cuts. The fore legs, hind legs, breast and ribs, loin and thigh were weighed and expressed as percentage of cold carcass weight.
Proximate composition of meat
Samples of the Longissimus muscle were collected from the animals and ground and homogenized in a processor. The moisture, ash, and crude protein contents were determined according to Association of Dfficial Analytical Chemists (1990) methods 950.46, 942.05 and 992.15, respectively. Lipids were extracted using the method reported by Folch et al. (1957) . 
Fatty acid profile analysis
After extraction of the lipid fraction, the extracts were esterified and sent to the Onstrumental Chromatography Laboratory of the Centre for Technology and Geosciences of the Federal University of Pernambuco (Universidade Federal de Pernambuco -UFPE), Recife Campus, to determine the fatty acid profile by means of gas chromatography.
Samples subjected to transmethylation were analysed in a gas chromatograph (CG-MASTER) equipped with a flame ionization detector and an Hp Onnowax capillary column (30 m × 0.25 mm × 0.25 μm), injecting 1 μL of the esterified extract. The carrier gas (hydrogen) flow rate was 5 mL/min and authentic standard methyl esters of fatty acids (MERCK-USA) were used as standards. The identification of fatty acids was performed based on a comparison of retention times, and the percentages of fatty acids were calculated using the software Peaksimple (SRO Onstruments -USA). The following fatty acids were quantified through normalization of the area of methyl esters: lauric (C12:0), myristic (C14:0), pentadecanoic (C15:0), palmitic (C16:0), palmitoleic (C16:1), margaric (C17:0), stearic (C18:0), oleic (C18:1), linoleic (C18:2), and linolenic (C18:3), and the results were expressed as a percentage (%).
Lipid oxidation determination
The left leg was separated and deboned, the meat being grounded and homogenized in a processor. Lipid oxidation analyses in the thigh muscle were performed by determining the thiobarbituric acid reactive substances (TBARS), following the methodology described by Raharjo et al. (1992) , with measurements conducted in a "Micronal®" B582 spectrophotometer at 532 nm, using a standard curve of 1,1,3,3-tetraethoxypropane (TEP) ranging from 5,7x10
-5 a 1,1x10 -3 mg TEP/mL. The meat samples were packed in polystyrene trays (Styrofoam) and covered with PVC film. The meats were stored in refrigerator (5 °C) and analyzed at 1 and 12 days under refrigeration to evaluate the shelf life of meat. Meat samples were frozen (-18 °C) and analyzed after 1, 15 and 30 days of frozen storage, considering the average storage time of frozen meat of up to 30 days.
Statistical analysis
All data were subjected to analysis of variance using the GLM (general linear models) procedure using the SAS (Statistical Analysis System -University Edition) statistical program, and the means were compared using Tukey's test at 5% of probability. The normality of the error was tested using the Cramer-von Misses test. For the TBA value of refrigerated meat, a randomized block design was applied in a 5 × 2 factorial arrangement, including 5 lipid sources and 2 storage periods (1 and 12 days). For the TBA value of frozen meat, a randomized block design was applied in a 5 × 3 factorial arrangement, including 5 lipid sources and 3 storage periods (1, 15 and 30 days). For the TBA value of refrigerated and frozen meat, the means were compared using Tukey's test at 5% of probability.
Results
No effect on performance was observed in rabbits fed diet with different lipid sources (P > 0.05). Likewise, there was no effect of different lipid sources on carcass traits of rabbits. (Table 2 ).
The dietary lipid sources did not affect (P > 0.05) the proximate composition of rabbit meat (Table 3) . Regarding the fatty acid profile, the dietary inclusion of cottonseed oil, beef tallow, and poultry fat resulted in a higher palmitic acid content (C16:0) in rabbit meat (Table 4 ), compared to meat from rabbits fed diet containing sunflower oil. On turn, lower values of palmitic acid in meat were observed in rabbits fed diets containing soybean oil.
The rabbits fed diet with beef tallow showed a higher total saturated fatty acid content in meat than those fed diet containing soybean oil, although no difference was observed in relation to other treatments. Higher level of linoleic acid (C18:2n6) were observed in meat from rabbits fed diet with vegetable oils than those from rabbits fed diet containing beef tallow, although no difference was observed in relation to meat from rabbits fed diet with poultry fat as lipid source. Higher level of linolenic acid (C18:3n3) in meat was observed in rabbits fed diets containing soybean oil compared to those fed with sunflower oil, cottonseed oil and beef tallow, not differing from animals fed poultry fat in the diet. Lower values for C18:2n6:C18:3n3 ratio in meat were observed in rabbits fed soybean oil and poultry fat compared to others lipid sources.
On relation to total polyunsaturated fatty acids in meat, rabbits fed diet containing vegetable oils presented higher levels than those fed diet containing beef tallow, although no difference was observed when compared to those fed with poultry fat in diet.
Although no difference in TBARS values was observed between the refrigerated meat from rabbits fed different dietary lipid sources on day 1 (Table 5) , higher values were observed in meat after 12 days of refrigerated storage. After 12 days of storage, the meat from rabbits fed diet containing cottonseed oil showed (P < 0.05) higher TBARS value than meat from animals fed other diets.
For meat under frozen storage, on day 1, it was observed that rabbits fed diet with sunflower oil presented higher TBARS level. After 15 days of storage, no difference in TBARS values was observed among treatments. However, after 30 days, the meat from rabbits fed diets containing soybean oil and poultry Means followed by the same letter in the same row do not significantly differ according to Tukey's test at 5%; 1 Lipid sources: soybean oil (SD); sunflower oil (SFD); cottonseed oil (CD); beef tallow (BT); and poultry fat (PF); 2 SEM = Standard error of mean. Lipid sources: soybean oil (SD); sunflower oil (SFD); cottonseed oil (CD); beef tallow (BT); and poultry fat (PF). Means followed by the same letters (upper case in the rows and lower case in the columns) did not differ significantly according to Tukey test at 5% of probability.
fat exhibited lower TBARS values than those from animals from other dietary treatments. Regarding the storage period, the meat stored under freezing for 30 days presented higher values of TBARS in relation to the periods of 1 and 15 days of storage.
Discussion
The inclusion of fat and oils in rabbit diets has been evaluated to increase the energy level in feed, in addition to facilitating the pelleting process by reducing dustiness and maintaining pellet integrity during storage (Muramatsu et al., 2015) . Although vegetable oils and animal fats have a different fatty acid composition, considering the isoenergetic diets in the present study, the inclusion of different lipid sources up to 2.5% resulted in no differences in performance of growing rabbits, confirming the results obtained by Falcão e Cunha et al. (2000) who evaluated the inclusion of up to 3.5% soybean oil and tallow in growing rabbit diets and found no significant effect on final weight, average daily gain, or feed conversion. Higher levels of dietary vegetable oils and animal fats were evaluated by Ferreira et al. (2006) , who observed no effect of the lipid source on the daily weight gain or feed conversion of rabbits.
Likewise, since there was no effect on performance, it was expected that the carcass traits and proximate composition of rabbit meat did not differ from the inclusion of evaluated lipid sources. Similar results were reported by Cobos et al. (1993) , who studied the influence of diets containing beef tallow, soybean oil, and sunflower oil and also reported no differences in meat composition of rabbits, corroborating with Fernández & Fraga (1996) who found that the addition of 3% beef tallow or soybean oil in rabbit diets did not affect the amount of fat in carcass.
The lower level of palmitic acid (C16:0) in meat of rabbit fed diet with soybean oil could be considered beneficial from the point of view of meat consumption, since this fatty acid is related for elevating the plasma concentrations of total cholesterol and the LDL fraction in humans (Doi et al., 2015) . A similar result to that observed in the present study was obtained by Silva et al. (2009) , who evaluated the inclusion of 2.5% soybean oil in feed, which resulted in a lower palmitic fatty acid content in rabbit meat.
The modulation in fatty acid profile of meat is not exclusively caused by lipid sources, but it is also caused by ingredients with higher lipid contents (Souza et al., 2009) , indicating that even with a higher proportion of unsaturated fatty acids, the meat of rabbits can be affected by dietary factors. Thus, the higher content of linoleic acid (the precursor of n-6 fatty acids) in meat of animals fed vegetable oils compared with those fed with animal fat is due to the high content of this fatty acid in soybean, sunflower, and cottonseed oils. Regarding linolenic acid, a higher content of this fatty acid was found in meat from animals fed diet containing soybean oil as main lipid source; this is beneficial from a nutritional standpoint because it is a precursor of the n-3 family of polyunsaturated fatty acids, which benefits to human health are being highlighted (Doi et al., 2015) . On addition, the importance of lower n-6:n-3 ratio in meat as observed in rabbits fed soybean oil is related not only to increase n-3 essential fatty acids in human nutrition, but also preventing some correlated diseases such as hypercholesterolemia-related heart attack and strokes (Givens, 2009 ).
Animals fed diet containing beef tallow exhibited higher saturated and lower polyunsaturated fatty acid contents in their meat than those fed soybean oil, demonstrating the quality of the lipid sources and the possibility of altering the fatty acid composition of meat by including these feedstuffs in animal diets to achieve healthier products. Thus, although some researches aimed at increasing meat enrichment in n-3 fatty acids has been focused on the addition of higher-cost lipid sources (Casado et al., 2013; Trebušak et al., 2014) , in the present study it is observed that soybean oil, which is commonly used in rabbit diets, has a potential beneficial effect on increase the level of polyunsaturated fatty acids and contribute to the adequate balance of n-6:n-3 ratio of today´s consumer diet.
Dn the other hand, the modulation of fatty acid profile of meat could increase oxidation and lipid peroxidation, thus reducing the shelf life of meat. The TBARS value quantifies the content of malondialdehyde, a secondary product of the decomposition of unsaturated fatty acid hydroperoxides (Ayala et al., 2014) , which are formed during the oxidation process; therefore, vegetable oils tend to result in higher values because they present a greater number of unsaturations in their structures. Although higher levels of TBARS were observed in meat under 12 days of refrigeration, similar values between rabbit meat fed diet with animal fat, soybean oil and sunflower oil may be related to the presence of tocopherols which antioxidant effect resulted in the protection of polyunsaturated fatty acids present in these vegetable oils (Grilo et al., 2014) .
After freezing, the TBARS value of meat were influenced (P < 0.05) by the dietary lipid sources fed to growing rabbits and by the storage period. Following 30 days of frozen storage, the oxidation of lipids was greater for all treatments compared with time 0, and the treatments involving soybean oil and poultry fat resulted in better oxidative stability. Considering these two sources, the inclusion of soybean oil in growing rabbit diet appears to be more advantageous, as it provides both an increased polyunsaturated fatty acid content and results in greater lipid stability of meat.
Conclusions
Although the use of different lipid sources in growing rabbit diets has promoted similar performance, it can be concluded that soybean oil is more advantageous because it promotes the incorporation of polyunsaturated fatty acids and greater lipid stability of refrigerated and frozen rabbit meat.
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